Human cytomegalovirus encodes four unique short (US) region proteins, each of which is independently sufficient for causing the down-regulation of major histocompatibility complex (MHC) class I molecules on the cell surface. This down-regulation enables infected cells to evade recognition by cytotoxic T lymphocytes (CTLs) but makes them vulnerable to lysis by natural killer (NK) cells, which lyse those cells that lack MHC class I molecules. The 22-kDa US3 glycoprotein is able to down-regulate the surface expression of MHC class I molecules by dual mechanisms: direct endoplasmic reticulum retention by physical association and/or tapasin inhibition. The alternative splicing of the US3 gene generates two additional products, including 17-kDa and 3.5-kDa truncated isoforms; however, the functional significance of these isoforms during viral infection is unknown. Here, we describe a novel mode of self-regulation of US3 function that uses the endogenously produced truncated isoform. The truncated isoform itself neither binds to MHC class I molecules nor prevents the full-length US3 from interacting with MHC class I molecules. Instead, the truncated isoform associates with tapasin and competes with full-length US3 for binding to tapasin; thus, it suppresses the action of US3 that causes the disruption of the function of tapasin. Our results indicate that the truncated isoform of the US3 locus acts as a dominant negative regulator of full-length US3 activity. These data reflect the manner in which the virus has developed temporal survival strategies during viral infection against immune surveillance involving both CTLs and NK cells.
Human cytomegalovirus (HCMV), a member of the Betaherpesviridae, leads to lifelong persistence in the infected host, followed by causing opportunistic pathogenesis in immunocompromised individuals such as neonates, organ transplant recipients, and AIDS patients. Both innate and adaptive immune systems participate in host defense against the viral infection in which natural killer (NK) cells and cytotoxic T lymphocytes (CTLs) function as the major effector cells. NK cell response plays an important role in initial defense, and the deficiency of NK cells results in susceptibility to severe herpesvirus infections (8) . NK cell activation is controlled by the interaction of inhibitory receptors of NK cells with major histocompatibility complex (MHC) class I antigens on target cells (26) . The missing-self hypothesis proposes that NK cells recognize and attack target cells that lack an adequate level of cell surface-expressed self-MHC class I molecules (25) . Generally, the immune response of the host against a virus, including HCMV, is mediated by CTLs, which recognize and eliminate infected cells expressing viral peptide-loaded MHC class I molecules (41) .
Since the MHC class I molecule is a key factor in the modulation of the immune response against viral pathogens, it is not surprising that class I molecules are preferred targets of viruses to avoid immune surveillance and clearance (27, 32, 40) . HCMV has evolved strategies for down-regulating MHC class I molecules on the surface of an infected cell, by which HCMV keeps a balance with the CTL-mediated immune response (28) . It has been well established that the four unique short (US) region products, namely, US2, US3, US6, and US11, use specialized mechanisms for the down-regulation of MHC class I molecules on the cell surface. The US2 and US11 gene products induce the rapid export of MHC class I heavy chains out of the endoplasmic reticulum (ER) into the cytoplasm, where they are degraded by the proteasome (45, 46) . The US6 glycoprotein interferes with the activity of the transporter associated with antigen presentation (TAP) complex and peptide loading of MHC class I molecules (2, 18) . The ER-resident US3 glycoprotein interferes with the intracellular transport and maturation of MHC class I molecules during the immediate-early phase of HCMV infection. US3 binds physically to peptide-loaded MHC class I heterodimers and arrests them in the ER (1, 19) . Furthermore, as a dual mechanism for US3-mediated retention of MHC class I molecules, we have recently provided evidence that US3 binds to tapasin and inhibits tapasin-mediated peptide optimization, thereby displaying allelic specificity to tapasin-dependent MHC class I molecules (31) . Because the down-regulation of MHC class I surface expression by HCMV US proteins results in susceptibility to attack by NK cells (12) , HCMV has also developed immune evasins to shield itself against NK cell antiviral function, for example, UL16 (9), UL18 (4), and UL40 (39) proteins.
The 22-kDa US3 protein, a type I transmembrane protein, consists of a signal sequence of 15 amino acids, a luminal domain of 146 amino acids, and 20 membrane-spanning residues followed by a short, 5-amino-acid cytoplasmic tail (1).
The structural and functional determinants of US3 have been revealed by deletion and chimeric mutant analyses. The luminal domain is sufficient for ER retention of US3 itself, and the Ser58, Glu63, and Lys64 sequences of the luminal domain play an essential role in the retention activity. On the other hand, the ability to associate with MHC class I molecules requires the transmembrane as well as the luminal domain of US3 (20, 21) . Interestingly, the US3 gene encodes two additional variants from alternatively spliced transcripts. These include a singly spliced 17-kDa truncate (SS isoform), which lacks a transmembrane domain and shares the N-terminal 134 amino acids containing a glycosylation site with the full-length US3 gene product, except for the C-terminal 15 amino acids, and a doubly spliced 3.5-kDa fragment (DS isoform) (24, 38, 44) . These isoforms are successively and coincidentally generated during the immediate-early phase of HCMV infections (7, 24, 38) . However, evidence regarding the function of these isoforms is unavailable. In this report, we show that the truncated isoform of HCMV US3 alone neither sequesters MHC class I molecules in the ER nor inhibits the function of tapasin. However, coexpression of the truncated isoform and fulllength US3 suppresses the inhibitory action of full-length US3 on tapasin function. In other words, in the presence of the truncated isoform, full-length US3 can no longer interfere with tapasin-mediated peptide optimization. Considered together, our results reveal that the truncated form acts as an endogenous dominant negative regulator of full-length US3 activity, indicating a novel mechanism for the selfregulation of US3 activity.
MATERIALS AND METHODS

Cells and transfections.
HeLa and 293T cells were cultured as an adherent monolayer in Dulbecco's modified Eagle's medium with 10% fetal bovine serum (HyClone, Logan, UT), and the cells were transfected by the calcium phosphate precipitation method or with Lipofectamine 2000 (Invitrogen). MHC class I-negative K562 human leukemia cells and previously established K562 stable cells expressing HLA-B4402 (K562/B44) and HLA-B2705 (K562/B27) alleles (31) were grown in RPMI 1640 medium supplemented with 10% fetal bovine serum and 0.5 mg/ml of G418. K562 cells were transfected by the electroporation method using a GenePulser Xcell apparatus (Bio-Rad Laboratories).
Antibodies and plasmids. The monoclonal W6/32 antibody (Ab) recognizes only the complex of the MHC class I heavy chain (HC) and ␤ 2 -microglobulin (␤ 2 m), while the polyclonal K455 Ab recognizes HC and ␤ 2 m in both assembled and nonassembled forms (3) . Polyclonal antisera against the N-terminal portion (residues 16 to 35) of US3 (1) and against human TAP1 (14) have been described previously. Anti-tapasin and anti-green fluorescent protein (GFP) antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). The wild-type and GFP-tagged full-length US3 (US3-GFP) cDNAs have been described previously (20) . The plasmid encoding soluble tapasin was generously provided by Frank Momburg (German Cancer Research Center, Heidelberg, Germany).
Flow cytometry. The expression of MHC class I glycoproteins on the membrane was determined by flow cytometry (FACSCalibur; Becton Dickinson, Mountain View, CA) and analyzed by CellQuest software after indirect immunofluorescence staining by using a saturating amount of monoclonal mouse anti-class I Ab (W6/32) and fluorescein isothiocyanate (FITC)-conjugated goat anti-mouse secondary Ab (Jackson ImmunoResearch Laboratories, Inc., West Grove, PA).
Metabolic labeling and immunoprecipitation. For pulse-chase radiolabeling, the cells were starved in methionine/cysteine-free medium for 30 min, pulsed with 0.1 mCi/ml of [ 2 and 0.1 mM CaCl 2 followed by incubation in sulfo-N-hydroxysuccinimidyl-biotin working solution (0.5 mg/ml; Pierce) with gentle shaking for 30 min at 4°C. The biotin-labeled cells were lysed in Triton X-100 buffer (1% Triton X-100, 20 mM Tris [pH 7.4], 150 mM NaCl, 1 mM phenylmethylsulfonyl fluoride, and 2 g/ml leupeptin) and precipitated using W6/32 monoclonal antibody (MAb). The immunopellets were separated by SDS-PAGE and transferred to Immobilon-P membranes (Millipore, Bedford, MA). The membranes were blocked with a solution containing PBS, 5% bovine serum albumin, and 0.1% Tween 20 and incubated with horseradish peroxidase-conjugated streptavidin (Pierce) for 1 h at room temperature. After extensive washing with PBS-Tween (PBS and 0.1% Tween 20), W6/32-reactive biotin class I molecules were developed using SuperSignal West Pico chemiluminescent substrate (Pierce).
Thermostability assay. The biotin-labeled or radiolabeled cells were lysed in Triton X-100 buffer and centrifuged. Postnuclear supernatants were precleared with protein G-Sepharose beads for 30 min at 4°C and then divided into equal aliquots. The samples were kept in a heat block incubator at 4°C, 37°C, and 50°C for 60 min. Thereafter, the heat-treated samples were subjected to immunoprecipitation using the conformation-dependent W6/32 MAb, and the resulting immunopellets were separated by SDS-PAGE and visualized by immunoblot or autoradiography.
RESULTS
The individual products from alternatively spliced US3 transcripts do not affect the expression of MHC class I molecules on the cell surface. The full-length US3 protein binds and retains MHC class I heterodimers in the ER (1, 19) . Alternatively, US3 targets tapasin function and thereby causes ER retention of tapasin-dependent class I alleles (31) . To test whether the isoforms of the US3 protein could down-regulate MHC class I molecules in an allele-specific manner, similar to the full-length US3, we investigated the effect of individual US3 isoforms (Fig. 1A) on the surface expression levels of MHC class I molecules in K562/B44 and K562/B27 cells stably expressing either the HLA-B4402 or HLA-B2705 allele that represents tapasin-dependent and tapasin-independent class I molecules, respectively. The cDNAs encoding each of the US3 forms were transfected into the cells, and the surface expression levels of MHC class I alleles were determined by flow cytometry using anti-MHC class I complex MAb W6/32. The full-length US3 reduced the expression of surface class I molecules in K562/B44 cells (Fig. 1B) , whereas it did not affect the surface expression levels of HLA-B2705 allele (Fig. 1C) , which was consistent with a previous report (31) . The isoforms of US3 (SS and DS) had no effect on the surface expression of MHC class I molecules in K562/B44 and K562/B27 cells ( Fig.  1B and C, bottom panels) . Metabolic labeling and immunoprecipitation experiments with polyclonal anti-US3 sera displayed expression of significant levels of ectopic US3 and SS in both stable cell lines (Fig. 1D) . These results indicate that at least the isoforms of US3 alone do not have the ability to down-modulate the surface expression of MHC class I molecules, regardless of their tapasin dependence. Coexpression of the truncated isoform and full-length US3 inhibits the activity of full-length US3. The US3 gene products are simultaneously produced during HCMV infection (7, 24) . Therefore, we explored the possibility of whether the isoforms of US3 can affect the inhibitory action of the full-length US3 form on MHC class I molecules. We cotransfected full-length US3 (US3) and either the truncated (SS) or the fragmented (DS) isoform of US3 into HeLa cells and monitored the surface expression and intracellular maturation of class I molecules by flow cytometry and endo H experiments. Consistent with our observation in K562/B44 cells (Fig. 1B) , both of the isoforms of US3 did not affect the surface expression of class I molecules in HeLa cells (Fig. 2A, middle panel) . Interestingly, cotransfection of SS and US3 resulted in a significant increase in the surface level of class I molecules compared to that in cells transfected with US3 alone, even though a combination of DS and US3 did not affect the activity of full-length US3 in down-regulating the surface expression of MHC class I molecules ( Fig. 2A, bottom panel) . These results were further supported by pulse-chase experiments. The transfectants were metabolically labeled, chased, and immunoprecipitated using MAb W6/32. The equally separated samples were treated with either control buffer or endo H. In the presence of full-length US3 alone, MHC class I molecules were still sensitive to endo H digestion even after a 60-min chase (Fig. 2B, second panel) , indicating that full-length US3 caused ER retention of MHC class I molecules. Almost all W6/32-reactive MHC class I molecules were resistant to endo H digestion after a 60-min chase in mock, SS, or US3-plus-SS transfectants (Fig. 2B , first, third, and fourth panels, respectively). It is noteworthy that at the 30-min chase point, the class I molecules in mock transfectant are endo H resistant, while the class I molecules in US3/SS transfectants are still endo H sensitive. Nevertheless, these results, coupled with the data from the flow cytometry experiment, suggest that the SS truncated isoform could act as a negative regulator of the full-length form.
The truncated isoform neither affects the stability and ER localization of full-length US3 nor prevents it from interacting with MHC class I molecules. To understand the mechanism underlying the counteraction of the truncated isoform on fulllength US3, we investigated whether the truncated isoform influences the stability or cellular localization of full-length US3. Coexpression of the truncated isoform did not alter the stability of full-length US3 (Fig. 3A) . In the presence of the truncated isoform, full-length US3 remained sensitive to endo H throughout the 90-min chase (Fig. 3B) , indicating that ER localization of full-length US3, which is essential for its function, did not change. Next, we investigated whether the truncated isoform could block the binding of full-length US3 to MHC class I molecules. HeLa cells were cotransfected with cDNAs encoding US3 variant forms, the cells were radiolabeled, and digitonin lysates were immunoprecipitated with either anti-US3 or anti-class I (K455) Ab. Only the full-length US3 was coprecipitated along with MHC class I HC and ␤ 2 m, and the amount of coprecipitated full-length US3 was not affected by the presence of the truncated isoform (Fig. 3C) .
The truncated isoform competes with full-length US3 for binding to tapasin and restores the US3-mediated disruption of TAP/tapasin complexes. The finding that the truncated isoform does not affect the association between full-length US3 and MHC class I molecules prompted us to explore the possibility that the truncated isoform can prevent full-length US3 from subverting tapasin, another target of US3. Immunoprecipitation of HeLa transfectants with anti-US3 Ab revealed that both full-length US3 and the truncated isoform have an intrinsic property to bind tapasin (Fig. 4A), implying that the   FIG. 3 . Effect of the truncated isoform on the half-life, endo H sensitivity, and class I association of full-length US3. The plasmids expressing the indicated US3 variant cDNAs were cotransfected into HeLa cells. After 48 h of transfection, the cells were 35 S labeled for 30 min, chased for the indicated times, and lysed. (A and B) NP-40-solubilized supernatants were immunoprecipitated with polyclonal anti-US3 (␣-US3) sera (A), followed by endo H digestion (B). (C) Each radiolabeled transfectant was lysed in 1% digitonin and divided into two equal parts. The interactions between US3 proteins and MHC class I molecules were assessed by coimmunoprecipitation using the indicated Abs. Immunopellets were washed four times with 0.1% digitonin, and the bead-bound proteins were separated by SDS-PAGE and visualized by autoradiography. 5400 SHIN ET AL. J. VIROL.
truncated isoform can induce the dissociation of full-length US3 from tapasin via competition for binding to tapasin. To further examine whether the truncated isoform inhibits the interaction between full-length US3 and tapasin proteins, we used US3-GFP due to the advantage of it distinguishing the full-length US3-associated tapasin by using anti-GFP Ab instead of anti-US3 Ab. We cotransfected US3-GFP with or without the truncated isoform into HeLa cells and analyzed the amounts of tapasin binding to US3-GFP by coimmunoprecipitation experiments using anti-GFP Ab. Surprisingly, the amount of tapasin binding to US3-GFP was extremely reduced in the presence of the truncated isoform (Fig. 4B , top panel, compare lanes 2 and 3). The reduction of US3-GFP-associated tapasin by the truncated isoform is not due to a decrease in the levels of expressed US3-GFP and tapasin, because comparable amounts of US3-GFP and tapasin were expressed in each transfectant, as shown by immunoblotting (Fig. 4B , middle and bottom panels). The relation between full-length US3 and the truncated isoform was further investigated in 293T cells that express little tapasin (13) . The 293T cells were cotransfected with cDNAs as indicated and analyzed by coprecipitation and immunoblot (Fig. 4C) . Despite the comparable expression levels of US3-GFP and soluble tapasin (Fig. 4C , middle and bottom panels), the amount of US3-GFP coprecipitated with soluble tapasin was remarkably decreased in the presence of the truncated SS isoform (Fig. 4C, top panel, compare lanes 3  and 4) . The association of full-length US3 with tapasin causes the dissociation of tapasin from TAP complexes (31) . Therefore, we investigated whether the truncated isoform could counteract the activity of full-length US3 that causes the dissociation of tapasin from TAP. The association of tapasin with TAP1 was blocked in HeLa cells transfected with full-length US3 alone (Fig. 4D, compare lanes 3 and 4) . However, it was recovered in the cotransfectants with full-length US3 and the truncated isoform (Fig. 4D, compare lanes 4 and 6) , suggesting that the truncated isoform counteracted the activity of fulllength US3 in weakening the TAP/tapasin association. Based , and anti-tapasin (␣-TPN) (C) Abs, and the immunopellets were resolved by SDS-PAGE followed by immunoblot (IB) using the indicated Abs. Aliquots of cell lysates were analyzed by immunoblot to confirm the expression of transfected plasmids and a loading control (bottom panels). (D) Digitonin lysates were subject to coprecipitation using anti-TAP1 serum, followed by immunoblot using anti-tapasin Ab. Aliquots of lysates were analyzed by immunoblot using anti-tapasin Ab to serve as the loading control. A part of transfectants was also prepared for metabolic labeling and immunoprecipitation (IP) using anti-US3 Ab to confirm the expression of transfected plasmids. TPN, tapasin; sTPN, soluble tapasin.
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on September 8, 2017 by guest http://jvi.asm.org/ on the above-described results, we can conclude that the truncated isoform competes with full-length US3 for binding to tapasin, suggesting that the truncated isoform is a negative regulator of full-length US3. The truncated isoform hinders full-length US3 in the inhibition of tapasin-dependent peptide optimization of MHC class I molecules. Full-length US3 inhibits peptide optimization of MHC class I peptide cargo, which is mainly mediated by tapasin (31) . To test whether the truncated isoform could counteract the activity of full-length US3 in the inhibition of peptide optimization, we analyzed the thermostability of MHC class I complexes, which is greatly linked to the binding affinity of their peptide cargo (11, 29, 31, 35, 47) . The transfected cells were either radiolabeled (Fig. 5A) or biotinylated (Fig. 5B) to differentiate between the newly synthesized and surface-expressed MHC class I heavy chains, treated with heat, and precipitated using conformation-dependent MAb W6/32.
Quantification of W6/32-reactive class I heavy chains showed that the differences in the thermostability of MHC class I molecules were most prominent at 37°C. The thermostability of heavy chains was significantly reduced in the presence of full-length US3 alone at 37°C (Fig. 5A and B, second panels) , whereas the truncated isoform alone failed to decrease the thermostability of heavy chains at 37°C (Fig. 5A and B, third  panels) . Interestingly, in the case of coexpression of full-length US3 and the truncated isoform, both surface and newly synthesized class I heavy chains were thermostable at 37°C in comparison with the thermostability of MHC class I molecules in either mock-or SS-transfected cells (Fig. 5A and B, fourth  panels) . Considered together, these results strongly suggest that the truncated isoform prevents full-length US3 from inhibiting the tapasin function of optimizing peptide cargo.
DISCUSSION
MHC class I molecules mediate the adaptive immune response by presenting non-self antigens to CTLs, followed by the elimination of target cells. The 22-kDa US3 glycoprotein is encoded within the HCMV US region genes that are related with immune escape against CTLs. This viral protein makes use of a dual mechanism to block the antigen presentation by MHC class I molecules. First, US3 directly attacks MHC class I molecules; that is, US3 physically binds to MHC class I molecules and sequesters them in the ER (1, 19) . The second mechanism is a rather indirect action in which US3 targets tapasin, a component of peptide-loading complexes, and binds to it; this results in the inhibition of tapasin-dependent peptide loading and optimization (31) . The dual mechanism may enable the virus to evade CTLs more efficiently, thereby contributing to the establishment of a persistent and latent infection. Since the US3 protein is expressed at the immediate-early phase of infection with no connection to de novo protein synthesis (44) and since NK cells rapidly respond to viral infections in the innate immune system, the US3-mediated downregulation of the expression of MHC class I molecules on the cell surface renders the infected cells susceptible to NK lysis. This immediate-early protein of HCMV therefore requires tight regulation, both positive and negative, although the window of time when the virus encounters NK cells or CTLs is not known.
In this study, we demonstrate that the truncated isoform generated by an alternative splicing of the HCMV US3 gene transcript negatively regulates the action of full-length US3 in down-regulating the expression of MHC class I molecules via competing with full-length US3 for binding to a target molecule, tapasin. The relative abundance of US3 transcripts varies during HCMV infections; the full-length US3 transcript is most abundant early during infection, followed by singly spliced and doubly spliced transcripts (7, 24) . Each of the encoded proteins might thus contribute to the viral life cycle in the infected host. Considering the sequential expression of US3 transcripts and our current observations, it is likely that full-length US3 and the truncated isoform have evolved to evade immune surveillance by CTLs and NK cells, respectively, during early infection. This mode of regulation, in which the function of a full-length form is controlled by a spliced truncate, has been reported in not only viral infection but also 35 S]methionine/cysteine for 10 min and lysed in 1% Triton X-100 lysis buffer. Equal aliquots of lysis supernatants were incubated at 4°C, 37°C, and 50°C for 60 min and then immunoprecipitated with MAb W6/32. (B) The indicated transfectants were biotinylated as described in Materials and Methods, and experiments identical to those shown in panel A were performed. W6/32-reactive class I heavy chains were visualized by immunoblot using horseradish peroxidaseconjugated streptavidin. For each temperature, the intensity of the class I heavy-chain band was quantified by phosphorimaging and displayed in the graph. (C) Expressions of transfected plasmids in panel A were confirmed by immunoprecipitation using anti-US3 sera. (10) .
The ability of US3 to associate with MHC class I molecules requires the transmembrane domain in addition to the luminal domain of US3 (21) . Since the truncated isoform lacks the transmembrane domain that is responsible for interacting with MHC class I molecules (21) , it is unlikely that the truncated isoform prevents full-length US3 from binding to the MHC class I molecules. This idea was supported by the observation that MHC class I molecules were coprecipitated only with full-length US3 but not with the truncated isoform and that the association of MHC class I molecules with full-length US3 was not reduced even in the presence of the truncated isoform (Fig. 3C ).
The precise function of tapasin in MHC class I assembly is uncertain. It plays a critical role in bridging MHC class I molecules to TAP (30, 42) , tethering them in the ER (16 34) , and in turn enhancing peptide loading and optimization (17, 33, 47) . Our study showed that not only the full-length US3 but also the truncated isoform are able to bind to tapasin (Fig. 4A) . A notable observation was that the total amounts of tapasin associated with either US3 or SS proteins were not additive (Fig. 4A, lanes 3 to 5) and that in the presence of SS, the level of association between US3 and tapasin was remarkably reduced (Fig. 4B) . Interestingly, the transport kinetics of class I molecules are similar in both US3/SS and US3-alone transfectants at the 30-min chase point but show clear differences between them at the 60-min chase (Fig. 2B) . This might suggest that the inhibitory effect of the truncated isoform is sequentially turned on after the action of full-length US3. Since the truncated isoform does not inhibit the association of fulllength US3 with class I molecules and since the soluble truncated isoform is more free to move and diffuse from tapasin than the membrane-bound full-length US3, the truncated isoform seems to lag behind in its action. Based on these results, we can conclude that the truncated isoform competes with full-length US3 for binding to tapasin and thereby nullifies the activity of US3 in inhibiting tapasin function.
The current study also provides clues for the functional determinants of US3 and tapasin. Our finding that the truncated US3 isoform binds to full-length tapasin ( Fig. 4A and B) and that full-length US3 binds to soluble tapasin (Fig. 4C) indicates that the luminal domain of each protein mediates the interaction. Importantly, the truncated US3 isoform is able to bind to tapasin, but unlike full-length US3, it does not affect the transport of MHC class I molecules (Fig. 2) , demonstrating that the mode of interaction between the truncated US3 isoform and tapasin is unproductive and that the transmembrane domain of the US3 protein is required for inhibiting tapasin function. The separated usages of the US3 domain are similar to the case of US11, another US region gene product, the luminal domain of which is sufficient for MHC class I binding, but the transmembrane domain is crucial for MHC class I heavy-chain dislocation (22, 23) .
Transcription of the US3 gene is controlled by a complex network of viral regulators (6); however, the regulatory mechanism for spliced variants remains unclear. Full-length US3 may exhibit contradictory effects on the survival of the virus. While inactivation of full-length US3 contributes to avoiding NK lysis, it makes virus-infected cells vulnerable to lysis by CTLs. Thus, biosynthesis or activities of the truncated US3 isoform should be precisely controlled, for instance, by posttranslational modifications such as ubiquitination of ICP0R during productive infection (43) . Considered together, our results suggest that in HCMV, the truncated variant of US3 acts as a negative regulator of full-length US3 activity during viral infection. This mode of regulation that we observed in HCMV could also be broadly involved in the regulation of activities of immunoevasive proteins in other viruses.
